At the present time no one has succeeded in experimentally producing either a malignant or a benign tumour. When the abnormal growth has arisen " spontaneously " or " naturally," as is said for want of better knowledge, it may be transferred by grafting, but it will be obvious that this is relatively a small achievement compared with what the experimental origination of either an innocent or a malignant tumour itself would be. In the endeavour to raise a benign tumour, then, somue new departure is necessary: something, it is clear, is wanting in the simple methods already tried.
In November, 1907, we ourselves had formulated the following hypothesis as a basis of the present work, which we not long afterwards commenced. The question resolves itself, so it seemed to us, into a determination of what factors normally restrain or limit the growth of any single one of the many tissues of the body, and adapt it to the needs of the rest. How is the growth of the various structures co-ordinated ? The fundamental element in the co-ordination is most probably a chemical one. The theory we arrived at was that each of the tissues furnishes a " restraining body," the whole of which " bodies " in conjunction inhibit the unlimited growth of any one tissue in particular. For example, the cartilage of the body (like each of the other tissues) tends, we may assume, per se to grow indefinitely, and without limitation. But against this inherent endeavour, each of the tissues other than cartilage furnishes a restraining substance, the sum of which substances limits the production of this particular tissue, and co-ordinates its growth with that of the rest; and the same would be true, mutatis mutandis, of any individual histological structure: the growth of any one in particular is restrained by the combined products of all the rest. The hypothetical substances we may name "restraining bodies," "corpora cohibentia." They are not lysins; for the unlimited growth of any given tissue is not checked by the lytic destruction of an actual surplus formation of it; but they are bodies of a distinct order, the existence of which can be deduced by the biological phenomena actually witnessed in the body. Two theoretical methods of overcoming or neutralizing the action of the " restraining bodies" offer themselves. Selecting cartilage, which is the tissue made use of in our present experiments:-(1) The resistance might be broken down or exhausted by the frequently repeated and voluminous introduction of the fcetal or growing cartilage. Just as the natural immunity to a bacterial infection may not withstand the introduction of a bacterium in very large amounts (i.e., the introduction of quantities that would never obtain under natural circumstances), so it might be in the case of a grafted tissue. The fowl is naturally immune, in this sense, to tetanus; yet the disease can be induced by the insertion of excessive doses of the bacillus. White mice, again, are naturally immune to glanders. But as one of us 1 showed, the lesions of the disease may be produced by the subcutaneous injection of a sufficient quantity of a recently raised potato-culture.
(2) The restraining or anti-bodies might be neutralized by means of anti-restraining or anti-antibodies.
The memorable result obtained by Bashford,2 which shows that an extract of mouse-skin will inhibit the growth of a subsequent graft of mouse-epithelioma, is not so much at variance with the hypothesis propounded as it might at first appear. For it may be supposed that the restraining bodies to the unlimited growth of skin, furnished by all the other tissues in conjunction, are selected by, and loosely fixed in, the skin itself; in which they are present, therefore, in greater amount than elsewhere.
In these experiments made by the use of skin, we must presumably understand epidermis, since in the graft it is the epithelium which is the essential element transferred; the stroma of the new growth is furnished by the recipient. A similar prophylaxis, as Bashford has shown,8 may be brought about by the subcutaneous injection of mouse-blood, but in a less notable degree. The probable explanation here, as Bashford holds, is that the blood contains the same substance as does the skin, but in less amount. In harmony with the working hypothesis already advanced, the restraining body to the unlimited growth of skin furnished by the several tissues other than skin, is in sufficient amount in the circulating blood to produce a like inhibitory result, but, being less in amount than that accumulated in the skin from the blood unceasingly circulating through it, the result is less pronounced.
The second method of attempting to raise a simple or malignant tumour we do not take up here, as our investigation in this direction
is not yet sufficiently advanced.
In the work we now put on record, we have adopted the new departure of grafting foetal bones, not on a single occasion only (which experience has proved fruitless as a means of inducing the growth of a chondroma), but of grafting such bones in regular succession, and for I S. G. Shattock, Trans. Path. Soc. Lond., 1898 , xlix, p. 335. 2 Bashford, Murray and Haaland, Berl. klin. Woch., 1907 , xliv, pp. 1194 , 1238 . 3 Bashford and Murray, Brit. Med. Journ., 1906 
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an indefinite period, with the object of breaking down the action of the restraining bodies which theoretically keep the growth of the general cartilage of the body within limits, and adapt it to the requirements of the organism as a whole. Furthermore, in order to aid the desired result, we have grafted the fcetal bones (1) into young-i.e., growingrabbits, (2) into pregnant does. For as in the first the bones of the skeleton are themselves growing, we were interested to discover how the body would behave in restraining the growth of grafted bones-bones, that is to say, which might be regarded as additamentary to those of the general skeleton. And in the second, as the cartilage and bones of the foetuses in utero are growing without hindrance on the part of the mother, foetal bones grafted during pregnancy into another part of the body might perchance themselves grow without restraint, at least for the same period as that of the gestation. Of the second experiment we made as we proceeded, the important modification, moreover, of grafting the bones of the foetuses of the doe herself into the subcutaneous tissue, for reasons which will be presently given.
It will be obvious (to judge from analogy) that the repeated introduction of growing cartilage beneath the skin of a second animal, in place of exhausting the resistance to its growth, might strengthen it; the production of the specific restraining body might be increased. In order to test this possibility, we propose to use the blood periodically of one of these animals as an intraperitoneal injection to another rabbit, with a view of producing an anti-restraining body in the latter, the presence of which might conceivably allow of fcetal cartilage grafted into the second animal to grow.
TECHNIQUE.
The foetal bones were obtained by arranging for a periodic supply of pregnant does. These were killed by a blow on the back of the neck. The uteri were immediately exposed, removed from the body, slit up, and the foetuses withdrawn, one by one, and kept in the incubator at 370 C. 1 The necessary number of limbs were cut away and placed in a capsule of warm salt solution, kept in a water bath at 370 C. The whole of the procedures were carried out with strict aseptic precautions, all the instruments and apparatus used being boiled, as well as the salt solution. Under salt solution at 370 C., the skin was stripped from the I In some cases the fcetuses were of about three weeks; in most they were near full term, or about four weeks, the normal period of gestation in the rabbit being about thirty-one days. limbs with two pairs of forceps, and the muscles torn away, the bones being then disjointed and carefully picked clean, so that no soft parts were left in connexion with them other than the periosteum and shreds of the articular capsules, which were too firmly attached to be pulled entirely away. The salt solution was from time to time changed, and the bones, in this way, washed free of surface blood. They were inserted into the subcutaneous tissue by means of a cannula specially devised for the purpose. The bones having been inserted lengthwise, one or two at a time, into the end of the cannula, were then pushed through it by means of a solid metal plunger. The site of puncture was finally sealed with cotton wool a.nd collodion. In no case did anything untoward, either immediately or remotely, follow the procedure. Of the two animals used in these experiments, one received on the earlier occasions a certain number of the bones from foetuses obtained by killing other pregnant does, but since then she has been receiving only the bones of her own fcetuses. The other doe has received throughout only the bones of her own progeny. The foetuses under these circumstances have never been used except they were found alive: they were killed by a blow on the back of the head, seriatim, as required. The remaining foetuses of the litter were destroyed. In these cases the additional precaution was adopted of sterilizing the exterior of the limbs after their removal by immersing them for a short while in warm carbolic-acid solution (1 : 20); they were then washed in warm salt solution and transferred to a capsule of the same (kept at 370 C.), in which the skin was stripped off; and thence to a second capsule of warim salt solution, in which the muscles were torn away with two pairs of forceps, as already detailed. Sometimes the foetuses were obtained within a few minutes of birth, at others after the lapse of as few hours.
Our preference for the bones of the foetuses born of the doe herself to those of the feetuses of another rabbit, arose from the fact that in the course of certain grafting experiments carried out upon birds' we were impressed by the ease with which detached fragments of testicle would grow within the abdomen of cockerels from which the testicles I S. G. Shattock and C. G. Seligmann, Proc. Roy. Soc., and Trans. Path. Soc. Lond., 1905, lvi, p. 57. The fietal bones which were grafted, at two sittings, into the subcutaneous tissue of a young rabbit (I). One group lies on a portion of the thoracic wall of the host, two of the ribs of which will be recognized, the bones having been implanted, in part, into the muscular substance. The cartilaginous epiphyses of the several bones have grown since their insertion, in some cases so as to form bulbous swellings at the ends of the shafts. The enlarging ends have, as yet, undergone no calcification. (Natural size.)
FIG. 2.
One of the bones isolated by dissection from a group inserted beneath the skin of one of the tvo preceding rabbits. The several bones were firmly united into a compact mass by new-formed connective tissue. In that isolated, the enlargement of the articular ends is more pronounced than was observed in the case of any of the other animals as yet killed. Each of the ends is densely calcified. The shaft has undergone no increase in circumference or in length. (Natural size.) (having been unintentionally ruptured during removal) had been incompletely taken away; and by the negative result attending all attempts to graft the testicle from, one bird into another of the same variety, whether capon or hen. Allusion was made (loc. cit.) to the difficulty of completely removing the testicles in cockerels, and to the fact that a considerable number of birds from which apparently all testicular tissue had been removed by castration, subsequently developed peritoneal grafts which became spermatogenic, and caused the bird to assume the full male characters. So readily did this process of grafting from the glands of the birds themselves take place on to the peritoneunm, that the intra-abdominal insertion of testicular tissue was practised upon other birds, mainly with the object of seeing whether their sexual characters could be by this means experimentally restored or altered. The grafts were made into capons, into young and old hens, and into hens from which the oviduct had been removed. The lastmentioned experiments were carried out since it is a current belief that in young birds in which the oviduct has been cut across or removed, the development of the ovary is prevented and the bird rendered sexless.'
In no case did the grafted fragments of testicle grow, or produce any change in the external sexual characters of the bird into which they were introduced. This failure to obtain a positive result can hardly be explained by lack of vitality in the grafted tissue, or by any inflammatory reaction in the peritoneum of the bird receiving it. The technique was devised, at least, with the object of eliminating such contingencies. The bird to receive the graft was given an anesthetic, and the feathers removed from the front and sides of the abdomen, and lower portion of the thorax. The skin having been cleansed, an incision was made to one side of the middle line. Meanwhile the neck of the bird which was to provide the graft was wrung, and the skin rapidly stripped from the body; the abdomen was widely opened and the testicles removed with sterile instruments. In a few of the experiments they were placed for a short space in salt solution, which had been boiled and cooled to 370 C., in a small beaker standing in a basin of warm water in which a thermometer stood at from 370 C. to 40°C.; but in most cases the testicles were used immediately they were removed. Whichever course was followed, the glands were held over the opening in the abdomen of the ancesthetized fowl, and small pieces, cut off with scissors, were allowed to drop directly into the peritoneal cavity within which they were distributed with the finger. The intestines were easily held aside, and at no time were they extruded; the wound was finally sutured and sealed with collodion. In some instances the grafted tissue was sutured to the parietal peritoneum.
In every case the birds made a rapid and uneventful recovery. In a few the insertion was repeated, but invariably with the same result. In no instance did the grafted tissue grow or live in its new environment; and on killing the birds at varying times after the operation, either no trace of it was found or it was represented by one or more encapsulated necrotic masses.
These results demonstrate how different is the history of detached fragments of the male sexual gland in birds, when they are implanted into the abdominal cavity of the individual in which the gland has developed, and when the tissue is implanted into a second bird, although one of the same variety. The experiment of grafting the cock's testicle into the abdominal cavity of the hen was originally made by Hunter (whose preparations are in the College of Surgeons), and with a like negative result. A similar want of success has attended the transference of thymus tissue from one animal to another of the same species.' The animals used were kittens, rabbits and puppies, those furnishing the graft being of the same litter as those receiving it. The insertion was miiade into the peritoneal cavity, but in every case the tissue failed to live.
The following are the details of the experimental history of the two pregnant does, beneath the skin of which a regular succession of foetal bones are being grafted:
Summary.-Up to the present time this doe has been pregnant on eight occasions, and has received as grafts bones of her own foetuses on six occasions. The grafted bones are all loosely encapsulated beneath the skin in groups as they were inserted, but no tumour has, so far, grown in connexion with any of them. Up to this time the doe had been twice pregnant, and had received as grafts the bones of the foetuses of other rabbits on five occasions. From this date onwards the grafted bones were obtained solely from her own progeny.
Summary.-Since March 29, 1909, inclusive, this animal has been nine times pregnant, and has received subcutaneously, as grafts, bones of her own foetuses on seven occasions. Previously to this she had received bones from the feetuses of other rabbits (killed for the purpose) on five occasions; and had been herself pregnant twice, but without her own foetuses having been made use of. The grafted bones are all loosely encapsulated beneath the skin, in groups as they were inserted, but no tumour has so far grown in connexion with them, neither have they grown continuously in their new situation as they would have done in the rabbits from which they were obtained, and this notwithstanding the occurrence of repeated pregnancies on the part of their mother.
In the case of both these does, within a few days of the grafting the buck has been put with the doe; copulation has almost directly taken place, and pregnancy has almost regularly ensued from this date. The young have been born on or about the thirty-first day; bones of a certain number of the foetuses have been isolated, and inserted subcutaneously in the manner already detailed; pregnancy has been again induced, and after the birth of the resulting fcetuses, the same procedures have been carried out. This regular repetition has only been broken in cases when the young have been born at an unseasonable time, and found dead. This, however, has happened but few times in the case of the black doe.
The various groups of transplanted bones become loosely encapsulated in the subcutaneous tissue, and can be readily slipped about beneath the skin, or raised with it.
We may here introduce two skiagrams which were kindly taken for us by Dr. A. H. Greg in the X-ray Department of St. Thomas's Hospital. They show the same group of bones in the subcutaneous tissue between the shoulders of the black doe. One skiagram was taken in January, 1909; the other in January, 1910. It will be seen that no change has taken place in the interval in the size of the bones, which were in this particular instance obtained from foetuses not the offspring of the rabbit herself.
At the present time these two does are being kept regularly pregnant, and are receiving as grafts the humeri of their own foetuses, six or eight at a sitting. The experiment we propose to prolong indefinitely, and not to kill the animals even after the grafting should be discontinued,
FIG. 4.
A skiagram taken January, 1909, showing a group of fcetal bones grafted beneath the skin of the black doe (II), the bones in question being those of foetuses not her own. (Natural size.) but to keep them alive in order to see whether at some future period growth will take place from the dormant cartilage.
In connexion with the grafting of osteogenic cartilage, or rather cartilage which is precursory to and determines the development of bone, the influence of the thyroid gland must not be lost sight of. That the internal secretion of the thyroid in some manner aids in the normal growth of the bones is obvious from the fact that the intracartilaat SAGE Publications on June 21, 2016 jrs.sagepub.com Downloaded from ginous growth of bone is markedly reduced as a result of thyroid deficiency. The action of the secretion upon the intracartilaginous growth of the bone may be viewed as due to a stimulation; or (to interpret it according to the restraining hypothesis already advanced) the thyroid secretion may act by neutralizing the bodies which normally restrain the growth of bone, so that in its absence the restraint is unchecked, and the growth of the bones correspondingly curtailed. The same influence would appear, also, to hold after the completion of growth.
FIG. 5.
A skiagram taken a year later than the preceding, and showing the same group of grafted bones. They have undergone no change in size. The deep shadow given by the epiphysial ends is probably due to their calcification, a result observed in the case of the grafted bones examined in certain of the other cases. (Natural size.) (The skiagram is taken from the other side, the bones being consequently reversed.)
In the rabbit, after experimental fracture of the metatarsal bones and ribs, the growth of callus is reduced if the animals have been previously subjected to thyroidectomy.' Led by such considerations, we have now commenced the administration of thyroid to the white I " Ueber den Einfluss des Schilddriisen-Verlustes auf die Heilung von Knochenbriichen." Inaugural dissertation, Maurice Steinlin (University of Lausanne, 1899).
at SAGE Publications on June 21, 2016 jrs.sagepub.com Downloaded from doe (I), which has received only the bones of her own foetuses. The gland is being given in the ordinary form of tabloids mnade with dried sheep thyroid. We are not using rabbit thyroid, as it is clear from what is known of the action of sheep thyroid in cases of human myxoedema and cretinism that the source of the secretion is immaterial.
We have, in conclusion, to acknowledge the assistance kindly given to us by Mr. H. A. F. Wilson in connexion with certain parts of this work.
Examination of the Brain of a Man who Lived Seven Hours after Receiving a Shock of 20,000 volts.' By F. W. MOTT and EDGAR SCHUSTER.
THE material was sent to the Pathological Laboratory, Claybury, for examination by Sir Thomas Oliver on January 12, 1909. It consisted of a small piece of brain showing a small hiemorrhage, the medulla oblongata, and portions of the spinal cord. The following notes accompanied the material, which was preserved in alcohol:-
The notes which we have been able to obtain are extremely scanty. The patient was admitted to the Newcastle Infirmary, and the doctor who sent the case reported that the man had received a shock of 20,000 volts; he lived seven hours after the injury. There were several burns, one large one over the occipital region laying hare the bone of the skull. The post-mortem examination was made thirty-nine hours after death. At the autopsy a heemorrhage was found in the occipital lobe. In addition to the cerebral haemorrhage there were petechial haomorrhages in the visceral pericardium, and the urine in the bladder was deeply blood-stained.
The fluid in which the material came was deeply stained with blood. The portions of tissue were placed in alcohol, and subsequently in xylol, then embedded in paraffin, and sections cut upon the rocker microtomiie 5 ,t in thickness. These were stained by the Nissl method and with polychrome and eosin.
Microscopic examination of the sections showed the following histological changes which ares represented in the accompanying drawings made by one of us (Edgar Schuster).
'iRead at the laboratory meeting of the Section at the National Hospita], February 1.
